Objective: we sought to compare long-term results of three techniques: CMC, OMC and PMC in patients with rheumatic mitral stenosis. Patients and Method: Between January 1994 and December 2015, 183 patients underwent mitral valve surgery for rheumatic mitral restenosis. All patients were investigated by echocardiography-Doppler performed by a senior cardiologist. The patients were divided into 3 groups: patients who have previously closed mitral commissurotomy (CMC n = 101), patients with previously open mitral commissurotomy (OMC n = 28) and those treated by Balloon mitral valvuloplasty (PMC = 54). Results: The three groups were comparable in term of major demographic data. Mitral restenosis occurred precociously in groups treated by PMC (7 ± 4 years), followed by group with OMC 11.4 ± 4 years and CMC group but it occurred later CMC 16.8 ± 7.8 years (p < 0.01). No statistical difference was found in perioperative and postoperative data. Conclusion: CMC produces better long-term outcome than OMC and PMC. However, it would be premature to conclude to its superiority.
Introduction
Rheumatic mitral stenosis (RMS) is a frequent cause of valve disease in developing countries. Its prevalence is at least 10 times higher than in western countries [1] .
Treatment of RMS has dramatically changed during the last few decades. Depending upon the severity of the disease and the socio-economic level, the treatment modality varies and the choice may be either conservative technique or mitral valve replacement procedure.
There are three conservative measures to treat RMS: closed mitral commissurotomy (CMC), open mitral commissurotomy (OMC) or percutaneous mitral commissurotomy (PMC). It is estimated that about 10% to 30% of patients have developed restenosis 5 -10 years after initial successful surgical commissurotomy [2] .
There is a paucity of data comparing long-term results of three conservative techniques. Many questions are still open about which technique allows the excellent long-term outcome and avoids precocious mitral restenosis. This retrospective study was designed to compare the long-term results of the three conser-vative procedures.
Patients and Methods
Among 1535 Consecutive patients who underwent mitral valve surgery at our institution between January 1994 and December 2015, we identified 183 patients (11.9%) who had previously received mitral commissurotomy.
Patients are divided into three groups: Patients who had closed mitral commissurotomy (CMC, n = 101), patients with previous open commissurotomy (OMC, n = 28) and patients who underwent percutaneous mitral commissurotomy (PMC, n = 54).
All patients were discussed at heart-team by both the cardiologist and the cardiac surgeons.
All patients were investigated by 2 dimensional and color Doppler echocardiography performed by a senior cardiologist before surgery.
The mitral valve area (MVA) was calculated from the Doppler study using the pressure half-time method and by planimetry using the parasternal short axis, and the continuous wave Doppler technique was used to calculate the mitral gradient and systolic pulmonary artery pressure (SPAP). Left ventricular dimension and function and left atrium (LA) diameter were measured as recommended by the American society of Echocardiography [3] . Color Doppler flow imaging was performed for diagnosis and quantification of mitral regurgitation (MR).
The study included symptomatic patients with mitral restenosis, with MVA ≤ Clinical data including, NYHA functional class, comorbidities, echocardiographic data and surgical data are reported.
Surgical Protocol
Patients were operated on under general anesthesia and cardiopulmonary bypass (CPB). In redo cardiac surgery, redo sternotomy was performed carefully. Limiting mediastinal dissection to only those structures for cannulation and exposure may reduce mortality and risk of cardiac injury. After initiation of CPB, myocardial protection was maintainted by anterograde intermittent infusion of cold crystalloid cardioplegia before 2000, and cold blood cardioplegia was used for all patients after 2000.
The judgment criteria of long term result were the interval between the initial mitral commissurotomy and mitral restenosis.
Definitions of Complications
Complications were defined in accordance with the published guidelines for reporting valve related morbidity and mortality after cardiac valve surgery [4] .
Statistical Analysis
Statistical analysis was performed with SPSS (Statistical Package for social science: SPSS Chicago, IL 19.0).
Data were reported as the meant SD or median with IQ.
Results
As shown in Table 1 , the three groups were comparable in terms of major demographic data. The patients in the three groups were young and there were more female than male. Women's were predominantly corresponding to 71% of the patients in this study.
All patients were symptomatic with more than 60% being in NYHA functional class III-IV. Incidence of preoperative atrial fibrillation was higher in patients with previous CMC (72.3%) vs. 61% in patients with PMC and 57% in those with OMC (p = 0.19). But the low incidence of preoperative cerebrovacular accident was found in CMC group.
Echocardiographic data showed that patients with mitral restenosis after OMC had large left atrium diameter than other groups (OMC: 58 ± 12.5 mm vs. CMC: 53.9 ± 8.3 vs. 52 ± 9.2 mm in PMC with p = 0.032).
The mean MVA was also statistically different in the three groups: CMC: 1.05 ± 0.3 cm² vs. 1.05 ± 0.2 cm² in PMC group and 1.26 ± 0.4 cm² OMC group (p = 0.01).
But not differences were found between groups in regard to other echographic parameters (LV diameters, LV ejection function, pulmonary artery pressure).
Mitral restenosis occurred precociously in patients who underwent PMC than other groups: mean time interval between initial mitral commissurotomy and restenosis was: 7 ± 4 years in PMC group vs. 11.4 ± 4 years in OMC group and 16.8 ± 7.8 years in CMC group (p = 0.001).
Comorbidities expressed by Euroscore were frequent in patients with CMC or OMC than those treated by PMC (p = 0.001).
The 30_day mortality was similar between all groups (p = 0.98). There was no significant difference in the postoperative complications. But patients with CMC and those with OMC required more RBC transfusion compared with group treated previously by BMC (CMC: 41.4% vs. OMC: 32.1% and PMC: 13.5%, p = 0.002) ( Table 2 ).
Left atrial thrombosis was found only in 2 cases in group with OMC. 
Discussion
Our study compared long-tem results obtained after mitral commissurotomy for RMS performed with three techniques: CMC, OMC and PMC. The main criteria were mitral restenosis. The study showed that mitral restenosis occurred precociously in patients treated by PMC 7 ± 4 years followed by those treated by OMC 11.4 ± 4 years, However mitral restenosis occurred later in patients who had previous CMC 16.8 ± 7.8 years (p = 0.001).
Rheumatic mitral stenosis (RMS) is a frequent cause of valve disease in developing countries [5] . Its prevalence is at least 10 times higher than in developed countries [1] . Treatment of RMS has dramatically changed during the last few alternative to OMC and PMC [6] . In 1984, the introduction of PMC once again modified the therapeutic strategy of RMS [7] . PMC not only avoids all the complications associated with a surgical operation, open or closed, but also is cost effective [8] [9] . Many comparative studies [10] [11] were performed between series of patients treated with different techniques trying to establish the superiority of the latest technique over the others. Until today, there are still controversies about the long term results when comparing the three conservative techniques. It is known that conservative procedure is not a definitive therapy for mitral stenos is but rather a temporary palliative measure.
Also, it is interesting to remember that mitral valve disease is a continuously progressive disease. Often, repeat intervention is necessary after a certain period of time. Few studies are performed on randomized series and had a relatively short follow-up [12] . There is one randomized and prospective study comparing the long term (7 years) clinical and echocardiographic follow-up of the three conservative procedures [13] . This study concluded that PMC and OMC produce excellent and comparable hemodynamic improvement and associated with a lower rate of restenosis and need for re-intervention when compared to CMC.
Despite its retrospective design, our study was performed in order to compare to three conservative techniques. We found that the three groups were homogenous for preoperative clinical variables echocardiographic data.
Prolonged follow-up revealed that the incidence of restenosis was as high as and it provides excellent early and long term results in a selected group of patients [17] .
Since mitral balloon valvuloplasty (PMC) was introduced in 1984 by Inoue [7] and its widespread application, it's an effective treatment option for significant RMS. The efficacy of BMV has been well documented and accompanied by similar outcome as other methods [18] . (Today a similar area can be obtained after [24] . In our study, mitral restenosis occurred more frequently in patients who had PMC (7 ± 4 years). In one study, symptomatic mitral restenosis occurred 11 ± 4 years after PMC [25] .
In the literature were have observed different restenosis frequency among the studies, ranging from 3 to 7 years. In recent report [26] , mitral restenosis occurred in 44.1% of patients in a mean 49 ± 31 months follow-up. In the other hand, not all patients were found to have an optimal mitral valve area, and it suggested that the mechanism of successful PMC may be more complex than reported previously [27] [28].
Wang et al. [29] observed gradual and progressive loss of the mitral valve area, after PMC and absence of correlation Between MVA and restenosis, suggesting that it is a part of an ongoing biological process rather than mechanical or retraction process.
Numerous studies identified some factors that favor a more successful outcome as: young age, satisfactory valvular anatomy, echocardiographic score ≤8, presence of sinus rhythm, absence of mitral regurgitation before the procedure, and absence of surgical mitral commissurotomy before the procedure [26] [30]
[31].
Study Limitations
This study has several limits inherent to its retrospective design. Despite restenosis of mitral area occurred later after CMC, it is difficult to conclude its superiority than other techniques.
The three techniques were performed in different centers by different practitioners; hence, it is difficult to establish direct comparison among the three tech-niques. The lack of data concerning mitral valve anatomy before BMV may not help to separate favorable cases (score >8).
Conclusion
This study showed that CMC and OMC produce excellent long-term results and have low rate mitral restenosis. However, it would be premature to come to a definitive conclusion inherent to study limitations.
